Cold Nuclear Matter Physics
Patrick L. McGaughey

Central Physics Questions:

* Gluon modification in nuclei at low Bjorken-x AR
» Dissociation / fragmentation of quarkonia in nuclei gEisi=s
* Quark and gluon energy loss in nuclei fatZne
e Cold nuclear baseline for QGP Measurements

New tools:

* b, p, w, Y and open heavy flavor
 FVTX detector at PHENIX
* E906 experiment at FNAL

-LosAlamos LANL Medium Energy Nuclear Physics Review, May 24, 2010
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Gluon modification in nuclei at low Bjorken-x

Leading twist gluon shadowing, e.qg.
EPSQ09 - phenomenological fit to DIS &
our Drell-Yan data (E866)

Also coherence models & higher-twist
(HT) shadowing, e.g. Vitev (LANL

PECASE recipient)

Small-x gluon saturation or Color Glass
Condensate. At low-x Au has ~6x
higher gluon density than proton

e.9. 9(xy) +9(Xz) 2 g(Xy+x;)
depletes the low-x gluons

» Los Alamos
NATIONAL LABORATORY
EST.1943

T= ln(%c)

NSAC Milestone: “Determine gluon densities
at low x in cold nucleiviap +Auord+Au ..."
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Dissociation / fragmentation of quarkonia in nucley’

» J/p is suppressed relative to open

charm, due to dissoci_ation
eg. JJw+X->D+D+X

®* Opreakup ~ 4 mb

* Most apparent at central rapidity where

Nuclear dependence

0.7

shadowing and E-loss have little effect

e Seen also for Y, with smaller Opreakup

due to 2 x smaller size object

 FVTX will enable direct open charm

1.1

and beauty measurements at PHENIX

» Los Alamos

EST.1943
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E789, 866 data — Leitch, McGaughey, Klinksiek ... |
nationat Lasoratory PHENIX data - Leitch, Pereira, ...
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Quark and gluon energy loss in nuclel

 Absorption plus shadowing E866/NuSea, 800 GeV, J/¥ p+W / p+Be ratio

cannot account for suppression of 123 anG-shadowing
B - E866 800 GeV, W/Be
J/p at forward rapidity R
/0-)\0-91—% ‘Labsorption W
» Missing piece is energy loss 0,3
50.7—2
e Large effect, Ap/p ~10%! O 06 Losge
Energy loss significant even :j‘ — == 0.012 \|>|V0_ rE:lbsorlotioln i
at Iarge momenta 0.3—5 _:=::: pgra?nneet:igzéti(z)sns {
¢.2 }——m—m—————
« Need to understand E-lossinCNM ™ * % ®"#Xg* %

as a baseline for probing QGP

VNG
Related to NSAC Milestone: “... constrain \

the mechanism for parton energy loss in
the quark-gluon plasma.” 1R(A/p)
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» Los Alamos E866 data — Leitch, McGaughey ... R_ 1 ...... XF
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Energy loss, contd.

: 18F i
* Nearly constant effective O s, 45041 mb Eloks?
. C glob /
breakup cross section for J/y, 160 . eees
. o L
except at forward rapidity 140 J‘/ HERA-B '
&L L
e Forward region has large s 120 W
.o . o) -
additional suppression, E10-
likely due to energy loss Sa }
e Measurements from fixed 6" 61 HHH
target and collider energies in aF gmi ! M " {
good agreement . H U ? i
- m suppression
0F
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rapidity
q’ PHENIX data - Leitch, Frawley, ...
b?ﬁ,ﬁlgmgé E866 data — Leitch, McGaughey, ...
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Energy loss in cold nuclear matter is unknown!

Theoretical form of energy loss is unclear -
fundamentally different than pure E-M e-loss.
linear or quadratic dependence on path length?
radiative or collisional energy loss dominant?

AE ‘I*InE/
Ll oc = In - or o« X 2200 from Vitev
E )Lg 0, E )Lg ¥

E906 dimuon acceptance

Experimental bounds from Drell-Yan (E772,E8662);
range from 0 to ~2.3 GeV / fm, depending on the _
amount of shadowing 0.7

X20.6

l.og scale in z

: . : S M)
Energy loss in nuclear matter is baseline

for measurements of QGP formation -

g 05

0.4

E906 at FNAL will make definitive measurement.

0.2

Lower beam energy eliminates shadowing region .
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Cronin Effectin p,d + A Co

1.2

faluon \, CC

Sl

lisions

E866/NuSea 800 GeV p+A

T T I T T T I T
-0.1 < Xg < 0.3

* p; broadening from soft initial and final

state scattering

e Increases <p;>, suppressing yield at low p-

and enhancing at high p+

» A measure of multiple scattering, weakly
connected to energy loss

e Universal process seen in Drell-Yan, J/y,

W’, Y, etc. production in nuclei

» Los Alamos
NATIONAL LABORATORY
EST.1943

Physic:-

dA

ik :
165
14f
1.2F

0.8F
0.6F
0.4F
0.2

-
——

PHENIX

f.-..... ¥

ly|< 0.35

m charged hadrons
o neutral pions

Pl lllm_l‘llllllllllllll

3 Fot
: _@_—E&

1 2 3 4 5 6 7 8 9 10

py (GeVic) €Y



Cold Nuclear Baseline for QGP

Extrapolate phenomenological fit to
J/p suppression from 2003 d+Au to
estimate CNM baseline for Au+Au

Excess suppression over CNM
seen in Au+Au at forward and

. -, . m} 1
central rapidities for large N, 3
Suppression is stronger at forward 0.6
rapidity Z:

CNM effects on J/y production are  z ,

very important!

» Los Alamos
NATIONAL LABORATORY
EST.1943
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Cold Nuclear Baseline for QGP, contd.

* Recent Comparison of J/y Suppression of RHIC (2004, 2008) & SPS
In A+A Collisions (QGP) after dividing out d(p)+A CNM baselines

* Excess suppression over CNM clearly seen at highest energy density

* Much stronger effect at RHIC than SPS! Not a PHENIX Result
Uses Preliminary PHENIX d+Au RCP (QM09)
T T 1 I I  ———
: ® PHENIX Au+Auy=0
1.6 EKS98 CNM baseline a PHENIX AutAuy = 17|
i PHENIX Cu+Cuy=0 |
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Z. - NAGO In+In .
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b, p, W, Y D> Pt p-

10

Dimuon mass spectrum

e Both ¢ and Y now observed at RHIC in FOT®
] 2000:—9 b J/w
dimuon channels from p+p and d+Au 1800 b
16001 d+Au
e & Rp behaves similar to J/p, strongly — we: | - cenual
. s 1200 ) '
suppressed at forward rapidity, not fo00E *
at backward zggéj ;
. . 4005— .

* Preliminary measurement of Y cross 20-
section and Ry, versus rapidity, will D 05 1 15 2 25 3 35 4 45 5
improve as luminosity increases 0.0, M) GeV)

Y é‘j 2: PHENIX Preliminary (2008 data)
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New Physics with FVTX at PHENIX

Direct identification of D, B -y + Xand B — J/¥
- energy loss and shadowing for D,B mesons
direct access to gluon structure

Improved J/p and @’ mass resolution
- enable use of @’ as a probe

Reduced backgrounds by rejection of m and K
- enable W and Drell-Yan measurements

Installation in summer of 2011 Beauty + charm separation
_— s
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Schematic of new 12

E906 experiment at Fermilab

E906 spectrometer

Bend plane view
Mass = 7.0 GeV Xf= .0,.2, 4

 Quark energy loss form and strength

e Improved d/u at large x with Drell-Yan
from 120 GeV proton beam

Target ,__-_.‘.-‘""

10 inches
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Station 3 H '

B
Station 4 and Muon TD: il

e Separation of shadowing from energy loss

e LANL leading E-loss and muon ID

IR | > - - = — 2o

Injector
120 GeV

_/

- Fermilab

» Los Alamos . :
NATIONAL LABORATORY ~$1M contributed by muon radiography

E906 experiment — Leitch, Liu, H.Liu, McGaughey ... Pnfsi&'}.
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E906 Sensitivity to Quark Energy Loss

Use suppression of Drell-Yan production

at large x, to infer initial-state CNM energy x=

loss

For radiation lengths X, =1 x 103 m
can achieve sensitivity ~ 20%

Clearly distinguish between leading models?:

for L dependence of E-loss (50):
~AE ~ A"® (or ~L)

—~AE ~ A*® (or ~ %)

» Los Alamos
NATIONAL LABORATORY
EST.1943

from Vitev, Liu
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Simulated Quark energy loss only

L =y

— e
—
" o

~—

c(p+d)

0.8F * =~ .-+

0.6

— | — X0=5x10'13 cm

% 04| = X, =25x10"cm N

S [ |= x-1x10"em | 84y
0

b"o 0.2 + == X =05x10"7em M =5 GeV \ 7
< 0 I L - 1 5 1 5 1 -+ 1 -+ 1 .+ 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9
X, = pquark(GeV/c) / pproton(GeV/c)

© 09

— AE~AT
— AE~A"

A

= 0-8_' M =5 GeV
x1=0.6-0.7

N\

0.7

O(p+A

184

<° 0.6 °D. °C, 7'AL *Fe, "'W, *Pp

0 1 2 3 4 5
A" (Atomic weigh ")

Physics-

Patrick L. McGaughey



Cold Nuclear Matter Physics Outlook

Highlights at PHENIX:

 Full suite of measurements becoming available with dimuons -
d, p, w, J/y, ¢, Y, Drell-Yan, B and D mesons

» Addressing shadowing, saturation, dissociation and energy loss in CNM

Bend plane view
Mass =70 GeV X= 0,2, 4
SM3

Highlights at future E9Q06: i

 quark energy loss to 20%, path length and Pt |
~ energy dependence

ed/uatx<0.5

* bound on orbital angular momentum

* LANL muon identifier, installation 2010 —

Target ,__-,.'.-"

10 inches
1l M= HH H M H

FVTX construction, led by LANL.:

e Installation in Summer, 2011

» Greatly improves heavy quark ID, mass resolution
and background in dimuon continuum

» Los Alamos
NATIONAL LABORATORY
ssssssss
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